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LOW-SPEED AERODYNAMIC CHARACTERISTICS OP A 
9.3-PERCENT-THICK SUPERCRITICAL AIRFOIL SECTION 
By Kevin W. Noonan and Robert J. McGhee 
Langley Research Center 

SUMMARY 

An investigation has been conducted in the Langley low-turbulence pressure 
tunnel to determine the low-speed, two-dimensional characteristics of a 9.3- 
percent-thick supercritical airfoil. The airfoil was tested at Reynolds num- 
hers Chased on chord) from 2.9 x 10 to 16.8 x 10°, at Mach numbers from 0.10 
to 0.36, and at geometric angles of attack from - 8 ° to 14 °. 

The results of this investigation indicate that at a Mach number of 0.20 
the maximxan lift coefficients varied from 1.66 to 1.80 for the range of test 
Reynolds numbers and that they were reduced by about 0.4 with the application 
of NACA standard roughness. The maximum lift coefficients at all test Reynolds 
numbers were limited by the separation of the tunnel sidewall boundary layer 
prior to the separation of the flow in the center span of the model. For the 
range of test Mach numbers at a constant Reynolds number of 4.0 x 10^, the 
maximum lift coefficients varied from 1.92 to 1.16. The minimum drag coeffi- 
cient was unchanged for the range of Reynolds numbers and Mach numbers of this 
investigation. 

INTRODUCTION 

Supercritical airfoils have been developed primarily to extend the cruise 
Mach number beyond that of conventional airfoils (jcefs. 1, 2, & 3). These new 
types of airfoils operate efficiently at supercritical Mach numbers by mini- 
mizing the energy losses due to shock waves and the design approach to achieve 
this objective is explained in references 1 and 2. As part of the overall 
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investigation of these types of airfoils, the present investigation was con- 
ducted to determine the effect of changes in Reynolds number on the low- 
subsonic aerodynamic characteristics of a 9.3-percent-thick supercritical air- 
foil. The low-speed aerodynamic characteristics of this airfoil would be 
expected to be representative of other supercritical airfoils of about the 
same thickness ratio. The data obtained in the present . investigation at a 

g 

Reynolds number of 2.9 x 10 have been compared with data on a similar model 
tested in the tunnel of reference 4 and the low-turbulence pressure tunnel. 

The results have also been compared with calculations using a low-speed viscous 
flow theory. 

The investigation was conducted in the Langley low-turbulence pressure 
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tunnel at Reynolds numbers (based on chord) from 2.9 x 10 to 16.8 x 10 , at 
Mach numbers from 0.10 to 0.36, and at geometric angles of attack from -8° to 
14°. The airfoil with MCA standard roughness applied was also tested at three 
Reynolds numbers. 

SYMBOLS 

The units used for the physical quantities of this paper are given both 
in the International System of Units (Si) and in the U.S. Customary Units. The 


measurements and calculations were made in the U.S. Customary Units, 
c airfoil chord, 0.6 m (23.622 in.) 

c section chord- force coefficient, f C &(— ) 


Beet ion drag coefficient. 


"mjle 


section lift coefficient, c cos a - c sin a 

n c 

section pitching-moment coefficient about airfoil leading edge. 


fc dfe) - - C d(-) - 
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section pitching-moment coefficient about the quarter chord point. 
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m m, \ e n 


section normal-force coefficient 


■A d (t) 


static pressure coefficient, A “ ^ >< ° 


Mach number 

2 

static pressure, n/m (psi) 

2 2 

dynamic pressure, 1/2 pv R/m i,psi) 

Reynolds number based on airfoil chord 
airfoil thickness, cm (in.) 
velocity, m/sec (ft/sec) 
airfoil abscissa, cm (in.) 

distance from center span of airfoil measured along the airfoil 
span, cm (in.) 
airfoil ordinate, cm (in.) 
ordinate of airfoil camber line, cm (in.) 


a angle of attack, angle between airfoil cuord line and airstream 

direction, deg 

p density, Kg/m^ (slugs/ft^) 

Subscripts: 


^ local 

® free stream 

1 tunnel station at the plane of the wake rake 

2 tunnel station downstream of model where static pressure is 

equal to free stream static, 
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Superscripts: 

I quantities have "been corrected for vail interference effects 
Abbreviations: 

BRWT Boeing Research Wind Tunnel 

LTPT low turbulence pressure tunnel 

APPARATUS AND METHODS 
Model 

The airfoil profile, thickness distribution and camber line are presented 
in figure 1 and the coordinates are presented in table I. The airfoil model 
was machi n ed from an aluminum billet and had a chord of 0.6 m (23.622 in.) and 
a span of 1.002 m (l.670c ) which permitted the model to extend through sealing 
end plates at the tunnel wall for attachment purposes (fig. 2). Pressure tubeB 
were installed in channels cut into the model and were secured in place by a 
plastic resin; the final airfoil contour was finished to a polished surface. 

The model was equipped with 59 pressure orifices (30 upper surface and 29 lower 
surface) on the center span and 36 pressure orifices across the span of the 
upper surface. The locations of all the pressure orifices are presented in 
table II. The 0.813 mm (0.032 in.) diameter orifices were drilled perpendicu- 
lar to the local surface contour. 

A second model of the 9* 3-percent-thick supercritical airfoil was also 
tested in LTPT. This model was fabricated for the investigation described in 
reference k and details of the construction of that model are given in volume 

II of that reference. The measured coordinates of this second model agreed 
with the me a Lured coordinates of the present model within fabrication toler- 
ances. 
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Wind Tunnel 


The Langley low-turbulence pressure tunnel is a closed-throat single- 
return tunnel which is generally operated at stagnation pressures from 1 to 10 
atmospheres. (See ref. 5)* The tunnel-empty Reynolds number and Mach, number 
attainable at one atmosphere are 8.86 x 10^ per meter and 0.42 respectively 
and the corresponding values attainable at 10 atmospheres are 49.0 oc 10^ per 
meter and 0.22. The test section is 0.9144 m (3 ft) wide by 2.286 m (7.5 ft) 
high. 

The airfc'l was attached to 1.0l6 m (3.33 ft) diameter end plates which 
were rotated by an hydraulic acuator to position the airfoil at the desired 
angle of attack. The model spanned the width of the tunnel with the quarter 
chord point coincident with the rotational axis of the end plates. The in- 
stallation of the model in the wind tunnel is shown in figure 2 and a typical 
photograph of a model mounted in the tunnel is presented in figure 3. 

APPARTCJS 


Wake Rake .- A wake rake was located 1.03 chords downstream of the airfoil 
trailing edge and on the tunnel center line to measure profile drag. This rakr 
was held in position by two horizontal support arms which were rigidly attache;' 
to one tunnel sidewall as shown in the photograph, figure 3. The rake had 91 
total pressure tubes and 5 static pressure tubes. As indicated in figure 4., 
the spacing between adjacent total pressure tubes was increased from 0.318 cm 
(0, 0052c) to 0.635 cm. (0.011c) and then to 1.27 cm (0.021c) with increasing 
distance of the tubes from the rake center line; the spacing between adjacent 
static pressure tubes was 11.45 cm ( 0.19c). Both the total pressure and the 
static pressure tubes consist of 1.524 mm (0.C60 in.) diameter steel tubing. 

The endB of the total pressure tubes were flattened to 1.0l6 mm (0.040 in.) fc: 



a distance of 6.35 mm (0.25 in.) to minimize the effects of pressure gradients 
across the tube opening. 

Instrumentation .- All measurements made during the teBt program were 
obtained with the use of a high-speed, computer-controlled data acquisition 
system and were recorded by a high-speed tape recording unit. Each of the two 
basic tunnel pressures from which all the free-stream conditions were deter- 
mined were measured by precision quartz pressure sensors. The stagnation 
temperature was measured with a thermocouple and the angle of attack wub 
determined from the output of a digital shaft encoder attached to a pinion 
engaging a rack on the. supporting end plateB. The airfoil surface pressures 
and wake pressures were measured with automatic pressure-ranging transducers 
connected to the model orifices and wake rake by means of an automatic pressure 
scanning system. 


Tests and Methods 

The tests were conducted at Reynolds numbers from 2.9 x 10^ to 16.8 x 10^, 
at Mach numbers from 0.10 to 0.36, and at geometric angles of attack from -8° 

g 

to l4°. Flow visualization studies were made at Reynolds numbers of 2.9 x 10 
and 8.8 x 10 with tufts attached to the upper surface of the airfoil. The 
effects of MCA standard roughness, which consisted of $60 Carborundum grit 
applied from the leading edge over a surface length of 0.08c on both surfaces 
(ref, 6), were determined at three Reynolds numbers. In addition, a strip of 
Carborundum grit 2.5^ mm (0.10 in.) wide with a coverage density of 5 to 10 
percent was placed at several different chord locations at a Reynolds number 
of 5*9 x 10^. The grit size was determined by the method of reference 7- 
Section normal-force and pitching-moment coefficients were calculated 
from the surface pressures by a trapezoidal integration of the pressure coeffi- 
cients. The section drag co ^fjci^j l^Hhfe : ^jlculated from the wake pressures 
6 __ 
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by trapezoidal integrations of the point drag coefficients as described in 
reference 8. The wake static pressures used in the drag calculation were 
obtained from tunnel sidewall orifices located at the same longitudinal tunnel 
stations as the tips of the rake total pr insure tubes. As noted in reference 
9, the wake static pressure measurements made with the wake rake Btatic pres- 
Bure tubes were influenced by the rake body and therefore were not used. 

The wind tunnel boundary corrections computed by the method of reference 
10 for a representative case (a = 10°) were 2 percent or lesB and for this 
reason they have not been applied except in one case. The corrections were 
applied to the LTPT data in the comparison of the I/TFT data with the data of 
reference 4, (See fig. 11.). 

PRESENTATION OF RESULTS 


The results of this investigation are presented in the following figures: 

Figure 


Effect of angle of attack and Reynolds number on the upper 

surface spanwise pressure distributions. M = 0.20 

Tuft photographs of the effect of angle of attack on the 

g 

upper surface flow pattern. R = 8.8 x 10 ; M = 0.20.’ , . . 
Effect of angle of attack and Reynolds number on the chordwlse 

pressure distributions. M = 0.20 ..... 

Section lift characteristics of the 9. 3-percent -thick super- 
critical airfoil 

Section pitching-moment characteristics of the 9.3-percent- 

thick supercritical airfoil . . 

Section drag characteristics of the 9.3-percent-thick 

supercritical airfoil 
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Figure 


Comparison of section coefficients with, the data of 

reference 4. . . ..... 11 

Comparison of section coefficients on the NASA model and the 

model of reference 4. M • 0.20. . 12 

Comparison of cbordwise pressure distributions on the NASA 
model and the model of reference 4. M = 0.20. 13 


Effect of roughness location on the aerodynamic characteristics 


of the 9.3-percent-thick supercritical airfoil. Reference 4 

model; R » 5.9 x 10^,; M = 0.20 . 14 

Comparison of the 9 • 3-perc ent-thick supercritical airfoil with 

some conventional airfoils 15 

Comparison of section coefficients with theory. M = 0.20 1 6 

DISCUSSION 

Two-Dimensionality of Flow 


Spanwise airfoil surface pressures at three nominal chordvise locations 
were measured for all test conditions to evaluate the two-dimensionality of the 
flow and the representative pressure distributions for the lowest, an inter- 
mediate, and the highest test Reynolds number are presented in figure 5. Ex- 
amination of all the spanwise pressure distributions at a Mach number of 0,20 
clearly indicated the two-dimensionality of the flow to at least an angle of 
attack of 12.0°. Some asymmetry in the pressure distributions was indicated 
at angles of attack above 12.0° and prior to the stall angles of attack at all 
but the lower two test Reynolds numbers; this flow breakdown was very near 

(c, ) in all cases. Tuft studies were made at two Reynolds numbers to risu- 
1 max 

alize the development of the non-two-dimensional flow field. Tuft photographs 




For 2.9 x 10^ tfig. 5t&)) Reynolds numbei*, a loss of two-dimensionality ia 

not clearly indicated by the spanvise pressure distributions until the airfoil 

has reached the stall angle of attack, 13.0®. Tuft studies made at this 

Reynolds number did show that a large region of separated flow existed near 

one tunnel sidewall at the angle of attack for (c, ) , 12,8°. The addition of 

i max 

the tufts probably disturbed the flow enough to cause the wall boundary-layer 
separation but this suggests that the stall was precipitated by a separation of 
the wall boundary layer. Figures 5(b) and 5(c) clearly indicate a loss of two- 
dimensional flow occurring at 13.3° and 12.1° respectively for Reynolds numbers 
of 8.8 x 10 and l6.Q x 10°. Tuft photographs (fig. 6) illustrate the develop- 
ment of a region of separated flow near the tunnel sidewall at H ■ 8.8 x 10°. 

The loss of two-dimensional flow observed during this investigation is 
believed to be due to a nonsymmetric separation of the tunnel sidewall boundary 
layers in the presence of the large adverse pressure gradient near the airfoil 
leading edge. Separation of the tunnel sidewall boundary layers prior to the 
separation of the flow in the center span of the airfoil has been observed pre- 
viously in LTPT (ref. 11 ). 

Chordwise Pressure Distributions 

The chordwise pressure distributions for the lowest, an intermediate, and 
the highest test Reynolds number are presented in figures ji&) - 7(c). The 
pressure distributions for a'l test Reynolds numbers at a Mach number of 0.20 
have a sharp minimum pressure peak at approximately 0.006 on the upper sur- 
face for angles of attack of 4° and higher, and a region of increasing pressures 
on the lower surface beginning at 0.65c and extending to 0.95c at all test 
angles of attack. The flat upper surface pressure distribution usually associ- 
ated with supercritical airfoils is present for angles of attack from -h° to 0°. 
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At the lowest test Reynolds number of 2.9 x 10^, the pressure distribution at 
an angle of attack of 13.0° indicates a complete collapse of the upper surface 
flow which is characteristic of a leading-edge type of stall. At the inter- 
mediate and the highest test Reynolds numbers, the pressure distributions in- 
dicate an ;msteady pressure recovery on the upper surface at angles of attack 
of 13.3° and 12.0° and higher, respectively. These high angle of attack pres- 
sure distributions are influenced by the separated tunnel wall boundary layer 
and cannot be representative of two-dimensional flow. 

Lift 

The lift t <•© slope of the 9* 3-percent-thick supercritical airfoil is 
about Cr, pei- degree for the range of Reynolds numbers and Mach numbers of this 
investigation (fig. 8). The slope is also unchanged by the addition of either 
NACA standard roughness at three test Reynolds numbers or by a strip of rough- 

g 

neBs (at several chordwise locations) at 5*9 x 10 (fig. l4Ca)). For a Reynolds 
number of 2.9 x 10 Cfig. 11 ), the slope on the present model iB slightly 
higher than that measured on a similar model tested in another low-speed wind 
tunnel (ref. 4). However, the slopes measured on the present model are identi- 
cal with those measured on the model of reference 4 during a test of that model 
in the low-turbulence pressure tunnel at Reynolds numbers from 2.9 x 10^ to 

g 

11.6 x 10 Cfig. 12(.a)). 

The maximum lift coefficient increases from 1.66 to 1.80 for an increase 
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in Reynolds number from 2.9 x 10 w to 4.0 x 10 and then decreases gradually to 
1.66 with further increases in Reynolds number to 16.8 x 10^ Cfig. 8(a)). The 
maximum lift coefficients at all test Reynolds numbers were limited by a separa- 
tion of the tunnel sidswall boundary layer prior to the separation of the flow 
in the center span of the airfoil. At 2.9 x 10°, the decrease in 'maxitman lift 
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coefficient due to a loss of two-dimensional flow was detennined to be 0.06 by 
a comparison of the LIFT data obtained on the model of reference 4 with the 
data from the reference h facility, which employs a wall boundary-layer control 
system (fig. 11 ), The maximum lift coefficients obtained in the present in- 
vestigation are 0.09 to 0.11 higher than those obtained in the LTPT teat of the 
reference 4 model at Reynolds numbers of 5*9 x 10^ and higher (fig. 12(a)). 

The reason for the close agreement at only the lowest test Reynolds number Ib 
not known. 

The application of JSA3A standard roughness reduced the maximum lift 
coefficients by 0.35 to 0.1*3 from the smooth surface case at all three test 
Reynolds numbers (fig. 8(a)) and the maximum lift coefficients were less 
sensitive to the Increases in Reynolds numbers. The effects of the addition 
of a narrow roughness strip at three different chordwise stations were invest!- 
gated on the model of reference k at a Reynolds number of 5.9 x 10 (fig. l4). 
The maximum lift coefficients were essentially unchanged by the addition of 
the roughness strip at ail. three locations. 

Some low-speed Mach number effects are shown in figure 8(b) for a Reynolds 
number of 1*.0 x 10 . The maximum lift coefficients decrease from 1.92 to l.l6 
with increases in Mach number from 0.10 to 0.38. At Mach numbers as high as 
0,20, the airfoil pressure distributions indicate no supercritical flow on the 
airfoil surface. An increase in Mach number from 0.10 to 0.15 results in a 
large decrease in maximum lift coefficient but a further increase to 0.20 re- 
sults in a small increase in maximum lift coefficient. This effect may bi 
related to the stability of a separation bubble which is generally present on 
airfoils that stall from the leading edge. At Mach numbers higher than 0.20, 
the decrease in maximum lift coefficient with increasing Mach number is believed 


to be due to the onset of supercritical flow near the leading edge at progres- 
sively lower angles of attack. 

The maximum lift coefficients of the NASA supercritical airfoil compare 
favorably with those of several NACA airfoils which have nearly the same 
thickness ratio and camber and were tested in the same facility (fig* 15 K The 
ma ximum lift coefficients of the supercritical airfoil are equal to or exceed 
those of the three conventional airfoils at Reynolds numbers up to 6. Ox 10 and 
at 9.0 x 10 6 its value is exceeded only by that of the NACA 23012 airfoil. 

In figure 1 6 , the lift curves at the lowest and the highest test Reynolds 
numbers are compared with a low-speed vircous flow theory of reference 12 and 
with a recent modification of the reference 12 theory (ref. 13). The modifica- 
tion to the theory is primarily a change in the procedure for calculation of the 
drag coefficient. For a Reynolds number of 2.9 x 10 (fig. 16 (a)), the lift- 
curve slopes predicted by both the theory and the modified theory are essentially 
the same as the experimental slope. At 16.8 x 10^, the slope predicted by the 
theory is also the same as the experimental but the slope is urtf.srpredicted by 
the modified theory. The maximum lift coefficients at both Reynolds numbers 
are greatly overpredicted by the theory and the modified theory. The close 
agreement of the experimental and analytical lift curves up to (c\ ) mnY is 
typical only for airfoils that have no separation up to that condition i.e,, 
for airfoils that stall from the leading edge. 

Pitching-Moment Characteristics 

The quarter chord pitching-mo; lent coefficients show essentially no change 
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with increases in Reynolds number from 2.9 x 10 to t 6. 8 x 10 (fig. 9(a)) or 
with increases in Mach number from 0.10 to 0.36 (fig. 9(b)). The addition of 
NACA standard roughness reduces the coefficients by a small amount from the 


smooth surface case at all three test Reynolds numbers hut doeB not change the 
insensitivity to Reynolds number. The pitching-moment coefficients measured 
on the model of reference 4 in LTPT are less negative than those measured on 
the same model in the reference 4 facility by about 0.01 (fig. 11 ) and those 
measured in the present investigation by about 0.015 (fig* 12(b)). In figure' 
13, the pressure distributions measured on the model of reference 4 in LTPT and 
those measured in the present investigation at nearly the same angle of attack 
show small differences, but over a large percentage of the chord. These differ- 
ences result 'in a O.O 1 ^ difference in pitching-moment coefficients. The pitch- 
ing-moment coefficients predicted by theoretical methods agree very well with 
the experimental data as shown in figure 1 6 . 

Drag 

The minimum drag coefficient with a smooth model surface is 0.0085 for all 
test Reynolds numbers and the usual decrease in drag coefficients with increas- 
ing Reynolds number is significant only at lift coefficients above about 0.80 
(fig. 10(a)). With NACA standard roughness applied, the entire drag curve is 
lowered with- increases in Reynolds number and the minimum drag level is 0.0010 
to 0.0025 higher than the corresponding model smooth, case. The minimum drag 
coefficient is unchanged by increases in Mach number from 0.10 to 0,36 as shown 
in figure 10(b), At Mach numbers higher than 0.20, the abrupt increase in the 
slope of the drag curve occurs at lower lift coefficients with increases in 
Mach number and this is attributed to a small region of supersonic flow develop- 
ing near the airfoil leading edge at lower angles of attack. The drag coeffi- 
cients measured on the model of reference 4 in LTPT agree well with, the data 
from the reference 4 facility and data from the present investigation at lift 
coefficients up to 0.8 (fig. 11); a good agreement of the drag coefficients 



measured on two models extends to higher lift coefficients with increasing 
Reynolds number (fig. 12(c) & (d) ) • The drag level of the reference 4 model 
increased by about 0,0010 with the application of a narrow strip of roughness 
at the 0.05c location but only by about 0.0005 with applications at 0.10c and 
0.20c. (See fig. 14(c).) The drag coefficients predicted by both analytical 
methods are substantially different from the experimental values at the lowest 
and the highest test Reynolds number as shown in figure l6. 

CONCLUSIONS 

An investigation has been conducted in the Langley low-turbulence pressure 

tunnel to determine the low-speed, two-dimensional characteristics of a 9-3- 

percent-thick supercritical airfoil. The airfoil was tested at Reynolds num- 
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bers from 2.9 x 10 to l6.8 x 10 , at Mach numbera from 0.10 to 0.36, and at 
geometric angles of attack from -8° to l4°. 

The results presented indicate that at a Mach number of 0.20 the maximum 
lift coefficients increased from 1.66 to 1.80 for an increase in Reynolds num- 
ber from 2.9 x 10^ to 4.0 x 10^ and then decreased gradually to 1.66 with f ■- 
ther increases in Reynolds number to l6.8 x 10 . The maximum lift coefficients 
at all test Reynolds numbers were limited by a separation of the tunnel side- 
wall boundary layer prior to the separation of the flow in the center span of 
the model. At the lowest test Reynolds number, the incremental decrease in 
maximum lift coefficient was determined to be 0.06 by comparison of the low- 
turbulence pressure tunnel data with data from another low-speed wind tunnel 
employing sidewall boundary-layer control. The application of NACA standard 
roughness reduced the maximum lift coefficients by about 0.40 but the applica- 
tion of roughness strips did not change the (c-i) values at 5»9 x 10°. For 
a Reynolds number of 4.0 x 10^, the maximum lift coefficients decreased from 
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1.92 to 1.16 for an increase in Mach, number from 0.10 to 0,36. Although the 
maximum lift coefficients were limited by facility pr obi eras, the volueB com- 
pare favorably with those of conventional low-speed airfoils of similar thick- 
ness and camber that were tested in the low-turbulence pressure tunnel. The 
minimum drag coefficient was 0.0085 for the range of Reynolds numbers and Mach 
numbers of this investigation. 
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TABLE I,- COORDINATES FOR THE 9.3- PERCENT" -THICK 


SUPERCRITICAL AIRFOIL 

[Stations and ordinates given in percent airfoil chord] 


Stations 

Upper surface 

Stations 

Lower surface 

0.00 

0.00 

0.00 

0.00 

.10 

.62 

.10 

- .62 

.20 

.86 

.20 

- .86 

.30 

1.04 

.30 

- l.o4 

,40 

1.19 

.40 

- 1.19 

.60 

1.4l 

.60 

- l.4l 

.80 

1.58 

.80 

- 1.58 

1.00 

1.72 

1.00 

- 1.72 

1.25 

1.87 

1.25 

- 1.87 

1.62 

2.06 

1.62 

- 2.06 

2.50 

2.4l 

2.50 

- 2.41 

5.00 

3.04 

5.00 

- 3.04 

7-50 

3.46 

7.50 

«• 3.46 

10.00 

3.76 

10.00 

- 3.76 

12.50 

3.99 

12.50 

- 3.99 

15.00 

4.17 

15.00 

- 4.17 

20.00 

4.4l 

20.00 

- 4.4l 

25.00 

4.56 

25.00 

- 4.56 

30.00 

4.63 

30.00 

- 4.63 

35.00 

4.65 

35-00 

- 4.65 

4o.oo 

4.62 

4o.oo 

- 4.62 

45.00 

4.56 

45.00 

- 4.56 

50.00 

4.45 

50.00 

- 4.43 

55.00 

4.29 

55.00 

- 4.23 

60.00 

4.09 

60.00 

- 3.89 

65.00 

3.84 

62.50 

- 3.64 

70.42 

3.51 

65.00 

- 3.31 

73.94 

3.26 

65.83 

- 3.18 

75.50 

3.13 

66.68 

- 3.04 

77-50 

2.96 

69.00 

- 2.61 

80.00 

2.74 

72.00 

- 2.09 

85.00 

2.22 

75.50 

- 1.56 

90.00 

1.6l 

80.00 

- .99 

95.00 

.87 

85.00 

- .52 

100.00 

- .02 

90.00 

- .28 



95.00 

- .38 



100.00 

- 1.00 




L. E. Radius 1,952 
























iMiniiii iii 






Figure 4.- Drawing of wake rake. AH dimensions in terms of airfoil 
chord, c = 0.6 m (23.622 in.) 
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X/e*0.900 


x/e* 0.900 


Reynolds number on the upper 
listributions. M = 0.20. 













(b) R = 8. 8 x lol 
Figure 5.- Continued. 
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(a) R = 2. 9 X 10 . 


Figure 7. - Effect of angle of attack and Reynolds number on the chordwise 
pressure distribution, M = 0.20. 
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(0 R = (6.8 x I0 6 . 


Figure 7.- Concluded, 




(a) Effect of Reynolds number, M = 0.20. 



Figure 8.- Section lift characteristics of the 9.3-percent-thick supercritical airfoil. Plain symbols 
indicate airfoil with smooth surface; centered symbols, NACA standard roughness. 
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(a) Effect of Reynolds number, M = 0.20. 

Figure 9.- Section pitching-moment characteristics of the 9.3-percent thick 
supercritical airfoil. Plain symbols indicate airfoil with smooth 
surface; centered symbols, NACA standard roughness. 





a,deg 


£ 

(b) Effect of Mach number, R = 4.0 x 10 . 
Figure 9.- Concluded. 






Figure 10.- Section drag characteristics of the 9.3-percent-thick supercritical 
airfoil. Plain symbols indicate airfoil with smooth surface; 
centered symbols, NACA standard roughness. 
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(b) Effect of Mach number. 


R = 4.0 x I0 6 . 


Figure 10.- Concluded. 
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Figure 11. - Comparison of section coefficients with the data of ref. 4. 
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la) Section lift characteristics. 

Figure 12.- Comparison of section coefficients on the NASA model and the mode! of ref. 4. M = 0.20. 
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(b) Section pitching-moment characteristics. 


Figure 12.- Continued. 
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(d) Section drag characteristics. 
Figure 12.- Concluded. 
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Figure 13.- Comparison of chordwise pressure distributions on the NASA 
model and the model of ref. 4. M = 0.20. 
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(b) R = 11.6 x I0 6 . 
Figure 13.- Concluded. 
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(a) Section lift characteristics. 


Figure 14.- Effect of roughness iocation on the aerodynamic characteristics of the 9.3-percent- 
thick supercritical airfoil. Ref. 4 model; R = 5.9 x I0 6 ; M = 0.20. 
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(c) Section drag characteristics. 
Figure 14.- Concluded. 
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Figure 15.- Comparison of the 9. 3-percent-thick supercritical airfoil 
with some conventional airfoils. M<0,20. 
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(a) R = 2.9 x 10 6 . 

Figure 16.- Comparison of section coefficients with theory. M = 0.20. 
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Figure 16.- Concluded 
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